Surface display of heme- and diflavin-containing cytochrome P450 BM3 in Escherichia coli: a whole cell biocatalyst for oxidation.
Cytochrome P450 enzymes (P450s) are involved in the synthesis of a wide variety of valuable products and in the degradation of numerous toxic compounds. The P450 BM3 (CYP102A1) from Bacillus megaterium was the first P450 discovered to be fused to its redox partner, a mammalian-like diflavin reductase. Here, we report the development of a whole cell biocatalyst using ice-nucleation protein (Inp) from Pseudomonas syringae to display a heme- and diflavin-containing oxidoreductase, P450 BM3 (a single, 119-kDa polypeptide with domains of both an oxygenase and a reductase) on the surface of Escherichia coli. Surface localization and functionality of the fusion protein containing P450 BM3 were verified by flow cytometry and measurement of enzymatic activities. The results of this study comprise the first report of microbial cell-surface display of heme- and diflavin-containing enzyme. This system should allow us to select and develop oxidoreductases containing heme and/or flavins, into practically useful whole-cell biocatalysts for extensive biotechnological applications including selective synthesis of new chemicals and pharmaceuticals, bioconversion, bioremediation, live vaccine development, and bio-chip development.